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A Vent-Field-Scale Model of the East Pacific Rise 9°50'N Magma-Hydrothermal System
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The East Pacific Rise (EPR) between 8° and 11°N, with particular emphasis on a "bull's-eye" region near 9°50'N, has been the subject of extensive research for more than two decades (Fornari et al., 2012, in This circulation results in the discharge of low-temperature fluids, generally termed "diffuse flow, " that represents a mixture of seawater and hightemperature hydrothermal fluid (see Bemis et al., 2012, in this issue) . We use the term "single-pass" model to describe the circulation system because the fluid passes through it only once. This region is referred to as the "bull's-eye" of the EPR integrated Study Site. The black dots are the epicenters of 7,000 microearthquakes recorded in a seven-month study; the dashed box is the postulated recharge zone. From Tolstoy et al. (2008) , reprinted by permission from Macmillan Publishers Ltd. (Baker, 2007) . Despite the large uncertainty in the data, the measured heat output is typical of many mid-ocean ridge hydrothermal systems (e.g., Ramondenc et al., 2006; Baker, 2007) . Table 1 (Crowell et al., 2008) and to determine the partitioning of heat flow between high-temperature vents and diffuse flow (Craft and Lowell, 2009; Germanovich et al., 2011; see The Discharge Zone section below).
Seismic reflection data (Detrick et al., 1987) place the AMC at a depth of ~ 1.5 km below the seafloor with a variable across-axis extent of ~ 1 km.
Results from a recent three-dimensional multichannel seismic survey (Carbotte et al., 2011) and specific heat using the formulas
ModEL dEVELoPMENt ANd RESuLtS
where c ht and c lt are the specific heat of the fluid at high and low temperatures, respectively. Using the values in Table 1 , we obtain Q 3 = 11 kg s -1 and
, with an uncertainty of a factor of two. Table 2 , respectively (Craft and Lowell, 2009) . Writing the Mg concentration χ, we have (Lowell and Germanovich, 2004; Germanovich et al., 2011) , we obtain that Q 1 scales as Figure 4 . Schematic of a "double-loop" single-pass model above a convecting, crystallizing, replenished axial magma chamber (AMc). Heat transfer F m (t) from the vigorously convecting, cooling, and replenished AMc across the conductive boundary layer δ drives the overlying hydrothermal system. The deep circulation represented by mass flux Q 1 and black smoker temperature T 3 induces shallow circulation noted by Q 2 . Some black smoker fluid mixes with seawater, resulting in diffuse discharge Q 4 , T 4 , while the direct black smoker mass flux with temperature T 3 is reduced from Q 1 to Q 3 . Heat flux, vent temperature, and geochemical data allow estimates of the various mass fluxes. 
where λ is the thermal conductivity of The fluid residence time τ in the discharge zone, which characterizes the rate at which a thermal disturbance is propagated from the AMC to the seafloor, is found simply from the expression 
Magmatic Heat transfer and Magma Replenishment
In the previous section, we equated the (Bredehoeft and Papadopoulos, 1965) . Assuming the temperature is T = 0 at the seafloor and T = T b at the base of the circulation cell, the temperature distribution is then
where u = Q 1 /ρ f A r is the Darcian velocity; h = 1.5 km, corresponding to the depth to the AMC, is the height of the circulation cell; and a* = λ/ρ f c lt is the effective thermal diffusivity (Table 1 ). 1.E-11
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The temporal evolution of vent tempera- In addition, models of magmatic heat flux from a crystallizing, replenished AMC described previously do not take into account details of magma More-realistic models of hydrothermal recharge that incorporate the effects of anhydrite precipitation in a two-or three-dimensional circulation system that has heterogeneous permeability, and models that link seismicity with permeability, are needed.
Although a broad spectrum of data is used to constrain these results, lack of data, particularly on heat output and area of diffuse flow sites, and possibly on the temporal variability of heat output, results in considerable uncertainty in key parameters. Much remains to be done, both in terms of modeling and in data acquisition. Hopefully, the models presented here will guide future developments at this key hydrothermal site. 
